ABSTRACT This paper presents a new method for load pre-dispatch considering the technical conditions of engines in thermoelectric power plants by combining several maintenance and diagnostic techniques and using computational intelligence. A diagnosis of the technical conditions of the engines is performed using a lubricant analysis, vibration analysis, and thermography. With these data from a statistical analysis, it is possible to predict when an engine will fail and to consider this phenomenon in the load predispatch. To increase the engine reliability and power supply, a maintenance management program is developed using MANAGEMENT tools, applying only 4 total productive maintenance pillars and combining them with predictive maintenance and diagnostics, thus reducing failures in plant equipment. Some results achieved after this implementation are as follows: a reduction in the annual cost of maintenance, a reduction in the corrective maintenance, an increase in the mean time between failures, and a decrease in the mean time to repair in all areas. In addition, the pre-dispatch ensures that the demanded power is met with a high degree of reliability and quality, and at minimal cost.
I. INTRODUCTION
This article proposes a new solution that includes the predispatch of loads based not only on the demand and cost minimization but also on Equipment Reliability (DCE) focused on operational conditions using computational intelligence, specifically fuzzy logic. This implementation is characterized by the incorporation of some innovations, such as good maintenance management for decision-making, and considering performance indicators of the generating units with respect to vibration, lubricating oil, temperature, etc. Thus, it is possible to predict if the generating unit will operate and maintain reliability or if it requires maintenance due to a diagnosis of poor performance.
Most of the Brazilian thermoelectric park is completely shut down for months whenever the hydrological conditions are favorable. The recent historical average of hydroelectric generation has been approximately 90%, so idleness has prevailed in the thermal park. This greatly contrasts with international norms. In most countries, coal-fired or combined-cycle gas-fired power plants often do not experience long-term idleness. Instead, they operate as the baseline of the system, being dispatched almost continuously. On the other hand, thermal electrics that are in other electrical systems are used for the generation of peaks, with either daily activation or activation for at least a large fraction of working days, including open or thermal cycle gas engines with motors. In Brazil, these can remain idle for long periods because they are not necessary in normal or favorable hydrology situations.
In Brazil, plants with technology designed for high-end generation are designed to generate only a few hours per day and are contracted as a backup for base generation.
However, they can be driven continuously in periods of prolonged drought, possibly for many months, thus going against their technical and even contractual characteristics.
In Brazil, thermal plants with high variable costs are only triggered at times of unfavorable hydrology when they become fundamental and strategic for the energy security of the system. Given the high unavailability presented by these plants during the period from October 2015 to January 2016, it is pertinent to examine possible regulatory adjustments that can mitigate this type of problem. Accordingly, it is suggested to introduce performance testing orders for thermoelectric power plants lasting a few days. This introduction involves both changes in the conditions of hiring new agents and, more sensibly, changes in the rights and obligations of agents already hired. With respect to the latter, the introduction of a test routine will represent a cost not originally foreseen, which could be substantial depending on the values of the PLD -difference settlement price.
On the other hand, it is necessary to ensure the supply of electricity to consumers with the standards of continuity and reliability. However, the lack of investments in the industry causes a loss of product quality, while excess investments can make the value of the product very expensive, discouraging its consumption.
One of the most important aspects to guarantee the quality and reliability of the electric power supply is to be able to perform an optimal load dispatch. The great majority of the works presented in the literature develop a load dispatch for thermal plants considering that all the engines of the plant have a favorable technical state, which is not always the case. In this paper, a method is developed for the pre-dispatch of loads that consider the technical state of the engines in the plant through diagnosis and the utilization of fuzzy logic.
The formulation of this proposal involves the development of a computational tool to support the load dispatch decision according to the operating conditions of the engines and generators for the thermal plant. This development includes analyzing the main thermoelectric generation variables, such as lubricant oil analysis, vibration analysis and thermography, for the entire process of predictive maintenance.
The basis for this study involves part of the operational principle and the operational conditions of the equipment to be dispatched for electricity generation in a thermal plant, as well as its particularities regarding specific consumption and pollutant quality issued by each piece of equipment.
Thus, this work intends not only to monitor these pieces of equipment but also to consider temperature and oil analyses based on the management reports of vibration analysis, to take corrective actions. Then, the quality and reliability of the equipment and the services through a pre-dispatch procedure can be reached that take into account the operational conditions of the equipment, obtaining fuzzy indicators of its performance.
Based on the observations from the case study, which diagnosed a constant problem in the operation of one of the generators' motors and in the power quality of the Power Plant ''Mauá'', the methodology presented in this paper was applied in four stages. The first stage was the implementation of the Maintenance Management Program; the second was the implementation of a TPM program and predictive maintenance; the third involved energy efficiency; and the fourth involved energy quality. The results of applying the methodology in the case study were also analyzed. Condition monitoring and diagnostic testing are gaining popularity currently [1] , [2] . The state of the generator windings can be determined through a series of simple tests, and appropriate actions can be taken to minimize the risk of failures (ensuring operational reliability) and to increase the lifetime of the machines [3] . These tests can be categorized as ''Electrical Predictive Maintenance'', which is a modern trend in industries [4] .
II. LITERATURE REVIEW
Reliability is the key point used in the presented methodology [5] . The situation is approached as an optimization problem. The model is developed by determining the objective function, which is the net power reserve of the unit. Some restrictions are used to obtain the desired output. A practical approach is accomplished by implementing the model in a plant. The result is a schedule that allows for the efficient organization of preventive maintenance over a specified time.
It is noted that condition-based maintenance (CBM) is a strategy that collects and evaluates information in real time and recommends maintenance decisions based on the current condition of the system. In recent decades, research on the CBM has been growing rapidly due to the accelerated development of computer-enabled monitoring technologies. Research studies have proven that the CBM, if planned correctly, can be effective in improving the reliability of equipment at reduced costs [6] .
An algorithm is presented to decide on maintenance activities for electric power distribution systems. A measure of component importance, known as the factor of diagnostic importance (DIF), was used for this purpose [7] . The methodology was developed for a given number of data for the weighted cumulative calculation (WCDIF) for each of the various feeding stages, which represent a large amount of data for the prioritization of maintenance activities.
Condition-based maintenance (CBM) is an increasingly applicable policy in the competitive market as a means of improving the reliability and efficiency of equipment [8] . Not only does maintenance have a close relationship with security, but its costs can make the issue even more attractive to researchers. This study proposes a model to evaluate the effectiveness of a CBM policy in comparison with two other maintenance policies: Corrective Maintenance (CM) and Preventive Maintenance (PM).
Proper maintenance can increase the company's productivity and increase its value in the market. This article addresses the issue of selecting an effective maintenance technology considering the strategic maintenance and management policy of an organization. The research proposes a working framework to evaluate the effectiveness of the predictive maintenance indicator (PMIE) based on an analytical hierarchy (AHP) process. The study was done considering three case studies [9] .
Scheduling the maintenance of power generating units is essential for the economical and reliable operation of a power system [10] . The goal of the Generator Maintenance Scheduling (GMS) problem is to find the exact time span for preventive maintenance of power generating units to minimize operational cost, maximize system reliability, and extend the life of generating units.
As a medium-term scheduling plan, the Unit Maintenance Program (UMS) has a significant effect on Generation companies' profit (Gencos) [11] , [12] . The System Operator (SO) is a central entity that provides the Gencos with the related maintenance schedule. This timeline would be finalized through repetitive interactions between the OS and different Gencos in the market to arrive at a generally accepted time. The bidding strategy, on the other hand, affects the profit of Gencos. Being considered as short-term planning, the bidding process is done every hour to determine the demand assigned to each Gencos for each hour of the day.
Generating companies use the maintenance cost function as the sole or primary purpose of creating the maintenance schedule for electric generators. Typically, only costs related to maintenance activities are considered to be derived from the cost function. However, in deregulated markets, maintenance costs alone do not represent the total costs of generators. This document models various cost components that affect maintenance activities in deregulated energy markets. Costs that are modeled include direct and indirect maintenance, failures, interruptions, contractual compensation, rescheduling, and market opportunities. Loss of company reputation and loyalty selection model are also considered using the Analytical Hierarchy Process (AHP).
The capacity of a power source to meet the energy demand can be significantly influenced by unexpected disaggregations of the power generating units [13] . In most cases, such unexpected failures are also much costlier to repair than to take planned preventative maintenance measures. Particularly in developing countries, the maintenance of power plants that are often aging has been neglected due to the high energy demand and low capacity of the system.
The reliability of power plants and transmission lines in the electricity sector is crucial to meeting demand [14] . Consequently, timely maintenance plays an important role in reducing breakages and avoiding costly shutdowns. To date, the literature contains a solid work focused on improving the decision-making in the generating units and the maintenance schedule of transmission lines.
Thermal power plants (TPPs) are the largest source of energy in India [15] . Approximately 65% of electricity is generated using thermoelectric plants. The equipment of the TPP works for 24 hours a day, 7 days a week throughout the year. The TPP equipment failures need to be identified in the initial stage before the system or drive break.
The TPP maintenance functions should be optimized carefully, selecting an appropriate maintenance strategy at the lowest cost. Identifying and confirming TPP equipment failure is an important step in decision-making. This helps to optimize the maintenance activity.
The Analytical Hierarchy Process (AHP) method is used to prioritize plant assets according to their criticality [15] . The Analytic Hierarchy Process (AHP) method allows decisionmakers to model the problem hierarchically in terms of goals, objectives, and alternatives.
The strategy of maintaining the equipment of a plant is crucial to the effectiveness of the manufacturing [16] . Unlike other functions, such as manufacturing and business, the strategic literature on maintenance is scarce. Many tools and techniques have been developed and applied in other fields. However, the applicability of these tools to the maintenance function is presented in the literature only in a limited range.
A model for the maintenance scheduling (MS) of generators is presented using the stochastic approach based on simulated annealing (SA) and binary particle swarm optimization (CSABPSO) [17] . The objective function of this work is to reduce the probability of the loss of load (LOLP) for a power system. The hybrid algorithm combines the BPSO with the simulated annealing behavior. The CSABPSO algorithm has the advantages of both the good quality of the SA solution and the quick search of the BPSO.
Predictive maintenance is a type of preventive action based on the TPM and was initially developed based on the analysis of vibrations. The maintenance must follow the following steps: the indication of the parameters of the followup, according to the models of wear and the information about the equipment, the origin and the seriousness of its defects [18] . Electric power generation thermoelectric plants generally consist of a set of mechanical systems that require a constant monitoring for the revision of the hourly data to detect and correct operating errors.
Fuzzy Logic, Neural Networks, Expert Systems, and Genetic Algorithms are part of a new paradigm known as intelligent systems. These systems seek to provide answers that solve problems appropriate to the specific situations of these problems, even if they are new or unexpected [19] .
III. METHODOLOGY
The structure of the Fuzzy Logic that will be developed in this paper is presented to support decision-making regarding generating units that will participate in the pre-dispatch and those that will be allocated for predictive maintenance. The inference engine will be implemented with a fuzzy system based on a fuzzy rules database. This database will be formatted to consider the current performance of generating machines in relation to vibration, lubricating oil quality and temperature, whose data are obtained from periodic measurements of the facilities of the plant.
The Fuzzy Logic aims to model the approximate mode of reasoning by trying to imitate the human ability to make VOLUME 6, 2018 rational decisions in an environment of uncertainty and imprecision. Thus, this fuzzy logic is an intelligent technique that provides a mechanism to manipulate imprecise information -concepts of small, high, good, very hot, cold.-It allows inferring an approximate answer to a question based on inexact, incomplete or not fully reliable knowledge.
A system based on fuzzy logic, as shown in Fig. 1 , can have its action schematized by the following constituent elements: fuzzifier; rules, or knowledge base; inference, or logical decision-making; and defuzzifier. The fuzzifier is responsible for mapping the numeric entries in the fuzzy sets and for converting them into linguistic variables. ''Inference'' is performed by mapping the input linguistic values into the output linguistic values using the rules. They use fuzzy implications to simulate human decisions; generate control actions, called consequential ones; and start from a set of input conditions, the antecedents.
This knowledge base represents the model of the system to be controlled, consisting of a database and a base of fuzzy linguistic rules. The ''defuzzifier'' maps the linguistic values and converts them into numeric output values. This function is performed by a defuzzification interface, obtaining a discrete value that can be used in a control action in the real world.
The basis of fuzzy systems is fuzzy set theory. These are extensions of the conventional sets, which only allow elements to be true or false (Boolean, bivalent logic). The fuzzy sets allow their elements to have a certain ''degree of pertinence'' associated, and this property is known as ''multivalence''. This property allows us to approach the real, non-bivalent world, which is multivalent with a vast number of options instead of only two. The fuzzy logic, then, allows working with such uncertainties of natural phenomena in a rigorous and systematic way.
The ''Fuzzy Pertinence Functions'' represent the fundamental aspects of all the theoretical and practical actions of a fuzzy system. A membership function is a graphical or tabulated numerical function that assigns a fuzzy membership value to discrete values of a variable. In its discourse universe, this represents the numerical range of all possible real values that a specific variable can assume.
The pertinence functions can have different forms and representations, the most common being triangular, trapezoidal and Gaussian.
a) The expressions for the Triangular membership function.
b) The expressions for the trapezoidal relevance function
c) The expressions for the Gaussian relevance function
This article aims to define the possible link between the predispatch of generating units and focuses on the reliability of the equipment, as well as points out techniques, methods, approaches, procedures, materials, and tools, among others, used to accomplish the present study. Fig. 2 is key to understanding the innovation of this paper and the methodology used for its development. In the upper left, one can appreciate the simplification of the 8 pillars of the TPM (Individual improvements, Autonomous maintenance, Planned maintenance, Education and training, Project improvements or Initial control, TPM in the Administrative areas, Quality maintenance and Safety, health and environment environment), for 4 Pillars of the TPM (Specific Improvements, Planned Maintenance, Autonomous Maintenance, Education and Training). These pillars are grouped according to the reality of the human resources of the plant. To have maintenance control, an audit activity has been added that prevents the simplification (clustering) of the TPM, which can leave some important maintenance activity unattended. The center left part shows the diagnostic activities that allow knowing the technical state of the motors, to determine if they can or cannot be used in the pre-dispatch of the load. In the lower left, we show the reliability analyses, which together with the diagnosis allow us to know the probability of each motor failing, to consider them in the pre-dispatch of the load. With these data, the right part of Fig. 2 shows if fuzzy logic is applied to perform the pre-dispatch of the load according to the fuzzy rules that meet the technical state of the engines.
This case study addresses the application of fuzzy logic to the load dispatch but with a particularity for performing the abovementioned pre-dispatch of the load, taking into account the technical state of the engines as evaluated by different variables related to the maintenance. In the first part, the development of the fuzzy rules and all the procedures of inference are presented. The second part includes all tests to evaluate the maintenance and the technical state of the engines. This tool served as the basis for the resolution of the real problem of the load pre-dispatch to satisfy the rationalized methods regarding the thermal plant on the operational conditions of the equipment.
The first step was the determination of the variables to be used to establish the fuzzy rules, for which the vibration analysis, the analysis of the lubricating eye and the thermography were considered. Based on the state classification of these variables, the technical state of the motors was determined according to established fuzzy rules. Then, for a given power demand, the pre-dispatch of the load could be performed using the motors of a better technical state to satisfy the demand.
The first input variable is the ''Vibration Level'', a measurement that is performed frequently (once a month) because it is responsible for the operational conditions of the load dispatch for power generation. The vibration levels were subdivided into 4 variables, each corresponding to the classification of vibration, velocity and displacement levels.
The second input variable is ''Acceptable Lubricant Level of Analysis'', performed weekly for the water content in the oil and solid particle content in the lubricating oil (iron and copper), and it is responsible for the operational conditions of the load dispatch for power generation. The levels of analysis of the acceptable lubricating oil were subdivided into 3 variables, each corresponding to the The third input variable is ''Thermography''. The ''Thermography Analysis Level'' frequently performed (monthly) is the third input variable because it is responsible for the operational conditions of load dispatch for power generation. The levels of acceptable thermography analysis were subdivided into 4 variables, each corresponding to the reliability classification of acceptable generation equipment (see Tables 5 and 6 ).
The thermography analyses are performed once a month, when the hot spots of a verification route are detected. The trends presented by the thermal imager FLUKE are monitored, and a summary is drawn up. This trend is used to decide on the pre-dispatch of the load for the generating units, according to Table 6 .
Output variable ''Technical condition of the motor''. The ''Technical state of the engine (ETM)'' is the output variable of the system, i.e., the ratio between the input variables, (Vibration), (Oil, water, iron, and copper), and (Thermography), for the variable ETM output for the preload dispatch. The technical state of the motor will be established through the fuzzy inference from the input variables and established fuzzy rules. The rules were established in consultation with the most experienced engineers at the plant and some professors from different universities. The technical state of the engine was transferred to a percentage scale of where the variable (GREAT) corresponds to the percentage range of 76 to 100%, (PERMISSIBLE) corresponds to the percentage range from 51 to 75%, (ALERT) corresponds to the percentage range of 26 to 50%, and the variable (CRITICAL) corresponds to the percentage range of 0 to 25%. These variables are used for decision-making involving the pre-dispatch of the unit generators, as shown in Table 7 .
The fuzzy simulation containing the system variables was performed using the MATLAB tool version 2017 a, and the fuzzy model applied in this simulation was Mamdani. This model is characterized by adopting the semantic rules used for the processing of inferences and it is commonly referred to as the maximum-minimum inference. Such an inference model applies well to this type of problem since it uses union and intersection operations between sets. The implementation is done using the Mamdani model applied to this case study according to Fig. 3 . After editing the pertinence functions of all the variables, the fuzzy rules for the inference process, which appear in table, were established. The Motor Technical State is a product of the relationship between the input variable and output variable, which compose the pertinence functions expressed in the curves of Fig. 8 . Fig. 9 shows an example of the combination of some of the linguistic variables, thus forming antecedents and consequents based on the Fuzzy inference rules. As fine combinations are virtually identical and do not change, the output data performed 120 combinations in MATLAB, To better understand the screen expressed, Fig. 10 shows all the possibilities that the simulation can produce. The movement of the red lines determines the other rule to be evaluated.
The values that are produced by this inference can be interpreted by an expert for verification using Figs. 11 to 12 . The result of processing the fuzzy inference rules is displayed across the surface of the 3D graph. These curves present all the possible situations that the variables can assume within the simulation. The upper area of the curve is yellow, representing the comfort zone of the system, i.e., when the variable ''Vibration'' tends to assume a minimum (normal) or permissible value and ''Temography, Water, Copper and Iron'' tends to assume a minimum (normal) or permissible value. The variable ''Technical State of Motor'' will assume a maximum value.
The blue area of the curve represents the zone of discomfort of the system. That is, when the variable ''Vibration'' tends to be a maximum value (critical) or alert, the variable ''Thermography, Water, Copper and Iron'' assumes a maximum value (critical) or warning, and the variable ''Technical State of Motor'' will assume a minimum value. 
IV. CASE STUDY A. FUZZY LOGIC WITH PREDICTIVE MAINTENANCE
A computational tool is used to solve a load pre-dispatch model based on a utilization plan based on logic applied in thermoelectric plants to guarantee greater competitiveness and reliability without a power supply.
The computational implementation of Fuzzy logic using the input parameters of the vibration analysis, lubricant oil quality and thermal imager allows the development of a predispatch analysis considering the availability of resources, as shown in Fig. 15 . 
1) VIBRATION ANALYSIS
A spectral analysis of the obtained vibratory signal was performed. An associated idea is that since the signal is a response to the dynamic excitations in the machine's operation, a spectral analysis will reveal the amplitude ''peaks'' in the frequencies associated with such excitations by observing the spectrum of vibrations. The operating frequencies of each component of the machine, such as the shaft rotation, turbine blade passing, gear coupling, among others, are shown in Fig. 16 .
In the application of this technique, a spectral analysis can be performed by direct visual inspection, and the identification and marking of key stations establish their configurations and are considered to be normal for a particular machine, using specific processing techniques such as Spectrum Synthetized. These draw a spectrum from the vibration profile and have a small amount of information conveniently selected for the analysis and intended follow-up, as shown in Fig. 17 . 
2) ANALYSIS OF WATER CONTENT IN LUBRICATING OIL
The results of the water content analysis (see Fig. 18 ) are performed periodically as predictive maintenance. The results indicate normal levels within the tolerable value of 0.3%. The method used in this study is distillation, which evaluates the volatility characteristics of the lubricating oil. The test is performed by taking a 100 ml sample of the product. These samples are each placed in a glass flask that is then subjected to heating for distillation under controlled conditions.
With this heating, the products are vaporized, then condensed and collected in a glass beaker. Then, the beaker is immersed in an ice bath. After this operation, the recorded temperatures are corrected by considering the losses, which occur in the evaporation of small parts of the product.
3) ANALYSIS OF METAL CONTENT IN LUBRICATING OIL
This section describes the process of the fluoridemethodology for the analysis of metals in oils and greases. They range from atomic absorption, and the plasma atomic emissions were determined. The analyses were made by direct reading (iron and copper), based on the extraction of the magnetizable contaminant particles contained in the lubricant through the action of a magnetic field, as shown in Figs. 19 and 20 . 
4) THERMOGRAPHY
The analyses of anomalies in the electrical equipment were periodically performed by examining thermal images of the equipment and/or circuit images of the digital cameras. According to the results of Fig. 22 , a motor/generator muffle after operating for 1 year at the highest temperature (red) is outside the tolerable limits. Therefore, by the criterion of temperature, the motor/generator 1 is not fit for pre-dispatch, as shown in Fig. 21 .
B. PROCEDURE USING FUZZY LOGIC IN ENGINE/GENERATOR 01
We can identify possible anomalies in the electrical equipment of generator 1. Periodic analysis of the thermal images of the equipment and/or circuits was performed using a thermal imager.
The analysis in the supervision screen of Fig. 23 indicates that engine/generator 1 is not able to pre-dispatch under operational conditions. The other motors and generators are in zone A (N) Normal, and 2, 3, 4, 5, 6, 7, 8, 9 and 10 are fit because their operational conditions are within the confines of the fuzzy rule. Figs. 5 and 26 show operations without interruption for the other engines/generators and the execution of restriction only for engine/generator 1.
The relationship between the maintenance, diagnosis and pre-shipment of cargo was established. A procedure was developed using fuzzy logic to evaluate the technical state of the motors and their arrangement so that they can be used in the pre-dispatch of the load when the red cursor is to the left of each element (vibration, water, thermography, copper). The generating unit is able to pre-load under the operating conditions of the equipment, as shown in Fig. 22 . As shown in Fig. 22 , this analysis does not allow engine/generator 1 to be preloaded under operational conditions. The other motors and generators are in zone A (N) Normal, 2, 3, 4, 5, 6, 7, 8, 9 and 10, and they are fit because their operational conditions are within the fuzzy rules. Fig. 23 shows the operations without interruption for the other engines and the execution of the restriction for the engine/generator.
As presented, the fuzzy logic served as the basis for the resolution of the real pre-dispatch problem centered on the reliability of the equipment to satisfy the rationalized methods of just-in-time thermal plant internal combustion engines. To satisfactorily implement all the procedures developed using fuzzy logic, it is necessary to know the technical state of the motors through the maintenance and the analysis of the diagnoses.
V. ANALYSIS OF INDICATORS
In Table 8 , the MTBF is shown in hours for the 12 month period of 2016 after the application of the General Productive Maintenance. The analysis of the results and discussion of the facts verified that the implantation of the TPM and PM is economically feasible, as shown by the increase in the MTBF and the decrease in the MTTR shown in Fig. 24 . It was possible to reduce the number of failures and, consequently, the maintenance stops with the implementation of the TPM/MP program in the production environment of the Power Plant Mauá. This reduction allowed a real diagnosis of the operating conditions of the engines, generators and auxiliary equipment, generating statistical information to improve the performance of the Power Plant Mauá, with significant gains. This approach is presented as a proposal of this paper, using fuzzy rules constructed from the results of the vibration analysis, oil analysis and thermography analysis.
With the implementation of the TPM and MP, the data check panel was published, and the data availability indicators were requested in Fig. 25 in the availability index of the Mauá Power Plant (MCI) in the months of January, February, March, April, May, June and August, 2016. According to the implementation of the TPM, specifically considering the specific improvement pillar, these parameters were used to improve the indicators of the equivalent forced unavailability rate. 
VI. CONCLUSION
Corporate maintenance management models were created for all auxiliary engines and equipment at Power Plant Mauá. This maintenance was performed to optimize interventions and reduce maintenance costs, ensuring the performance of motors and auxiliary equipment.
Vibration, oil and temperature analyses were used as an innovation model to diagnose the technical state of the motors using fuzzy logic for decision-making for load dispatch.
A predictive maintenance program for the vibration analysis was implemented quarterly in all generator sets. It aimed to minimize the costs from unnecessary preventive and corrective maintenance.
According to the weekly samples of the engine lubricant oil, it was identified the water in the lubricating oil early and checked if it was contaminated with solid material, such as iron and copper. This check was performed to avoid future breaks in the equipment and obtain reliability in the oil. The process for the pre-dispatch of the load under the operating conditions of the equipment are to be made available to the system.
With the implementation of monthly thermography analyses, it was identified early possible anomalies in the electrical equipment. The analyses were performed as shown in Fig. 21 in generator 1 . Therefore, this analysis allowed measurements to guarantee the reliability of the equipment for the pre-dispatch of load for decision-making.
A computational tool was developed using fuzzy logic for the pre-dispatch of the load according to the technical state of the engines of Power Plant Mauá. To this end, the analysis of vibrations, lubricating oil and thermography were considered. Based on the classification of the state of these variables, the technical state of the engines was determined according to the fuzzy rules established for decision-making of predispatch of the load under the operating conditions of the engines and generators.
Therefore, the general objective of this work was achieved with the development of a model for the pre-dispatch of the load based on the maintenance management using fuzzy logic as applied in Power Plant Mauá to assure greater competitiveness, guaranteeing the operational conditions of the equipment for the power supply.
